ABSTRACT
INTRODUCTION
Among gastrointestinal cancers, gastric cancer is one of the most malignant and has the highest morbidity and mortality in China. The early identification and diagnosis of gastric cancer can permit endoscopic radical resection, which significantly improves patients' survival and prognosis. However, because early gastric cancer lacks specific clinical manifestations and signs, it is difficult to accurately diagnose this disease via ordinary endoscopy. Blue laser imaging (BLI) laser endoscopy is a new endoscopic technique that has been used in recent years. This technique uses a laser as the light source. It not only has white light observation functionality but also allows for narrow-band observation using a high-contrast mode (BLI-contrast mode). Moreover, in combination with magnifying endoscopy, this technique's highlight mode (BLIbright mode) can clearly show the mucosal microvascular and microtubule structure of a lesion, which can be useful to determine the nature of the lesion and its pathological features. This study aimed to explore the value of BLI combined with magnifying endoscopy in the diagnosis of early gastric cancer and precancerous lesions.
MATERIALS AND METHODS

Materials
After obtaining approval from the ethics committee, 235 patients were screened using normal white light endoscopy (WLE) based on abnormal changes in mucosal morphology or color from September 2015 to May 2017. These patients included 144 males and 91 females aged between 40 and 80 years, with a median age of 56 years. They had 249 focal lesions in total. The major clinical manifestations were abdominal pain, abdominal discomfort, heartburn, and belching. All selected patients signed the relevant informed consent form, and the study was approved by the Human Research Ethics Committee of Renmin Hospital of Wuhan University.
Methods
Endoscopy procedures
An EG-L590ZW electronic magnification endoscope was used in combination with a LASEREO blue laser endoscope system, an LL-4450 laser source, and a VP-4450HD image-processing device. Before each assessment, scopolamine butoxide 20 mg was intravenously administered, and 50 ml of mucus removal solution (chymotrypsin, simethicone, 5% sodium bicarbonate) was orally administered. The apex of the endoscope was fitted with a black rubber cap (MAJ-1990)[FujifilmMedical Co. Ltd., Tokyo, Japan] to fix the focal length from the magnifying endoscope to the gastric mucosal surface at 3 mm. First, color differences in the lesion's morphology and border as well as between the lesion and the surrounding area were observed for the suspected lesions found using WLE. Then, white light magnification alone, BLI-contrast magnification, and BLIbright magnification were used. Morphological changes in mucocutaneous microvessels and microvessels were observed. These morphological changes were compared with those in adjacent normal areas, and microglandular and microvascular structures were evaluated. After the completion of the above examination, disposable biopsy forceps were used to biopsy the lesion at four points. The biopsy samples were sent for histopathological examination; lesion sections were stained with HE, and two doctors at our hospital with experience in pathological analysis examined these sections and determined pathological diagnoses. Endoscopic performance of typical cases is shown in Figures 1 to 4 . 
a b c
Endoscopic image analysis Endoscopic diagnosis can involve subjectivity; therefore, to avoid potential selectivity bias and improve the quality of this study, relevant endoscopic images for each lesion were randomly selected, separately displayed, and interpreted by four individuals with rich endoscopy-related operating experience and complete knowledge of biopsy pathology. Endoscopic diagnostic results were determined based on the consensus reached after discussion and consultation. With respect to BLI endoscopic diagnostic criteria, lesions can be classified into three types based on microvascular and microtubule morphology: regular, irregular, and absent. In addition, according to Yao et al. (1) and other proposed VS diagnostic criteria, lesions can be categorized based on whether a boundary between the lesion and the surrounding normal mucosa can be clearly recognized. We defined endoscopic cancerous lesions as those with irregular/absent microvascular morphology and a dividing line or those with irregular/absent microtubule morphology and a dividing line.
Pathological diagnosis
All lesion biopsies obtained were immediately placed in 10% formalin solution for fixation, and the two aforementioned experienced gastrointestinal specialist pathologists determined the pathological diagnoses. In this study, according to the revised Vienna criteria for gastric cancer diagnosis (2), high-grade intraepithelial neoplasia (C4) was defined as gastric cancer, and low-grade intraepithelial neoplasia (C3) was defined as a non-cancerous lesion. This study used pathological diagnosis as the gold standard for gastric cancer diagnosis.
Statistical analysis
The SPSS 16.0 statistical software was used to process study data. A Kappa consistency test was used to evaluate consistency between the gold standard of pathological diagnosis and diagnoses obtained using white light alone, BLI-contrast magnification, and BLI-bright magnification. The McNemar paired chi-square test was performed. BLI-contrast magnification, BLI-bright magnification and white light magnification alone were compared with respect to consistency between endoscopic and pathological diagnoses, with P<0.05 used as the threshold for statistical significance.
RESULTS
Clinical features and pathological diagnosis
The 249 focal lesions included 26, 44, and 179 lesions in the gastric cardia, the gastric angle, and the gastric antrum, respectively. With respect to pathological diagnoses, 149, 67, 8, 25, and 0 lesions were diagnosed as chronic gastritis, intestinal metaplasia, low-grade intraepithelial neoplasia, high-grade intraepithelial neoplasia/early gastric cancer, and multiple types of cancer, respectively. Table 1 .
Correlations between white light magnification and pathological findings
Correlations between BLI-contrast magnification and pathological findings
Analyses of images obtained using BLI-contrast magnifi- 
Evaluating the consistency between pathological diagnoses and diagnoses obtained using BLI combined with magnifying endoscopy:
The consistencies of diagnoses determined using white light magnification alone, BLI-contrast magnification, and BLI-bright magnification with the gold standard of pathological diagnosis were 76.7%, 85.1%, and 86.7%, respectively, and the Kappa values were 0.571, 0.730, and 0.760, respectively (all P<0.001). Pathological diagnoses were most consistent with diagnoses based on visible, BLI-contrast magnification and BLI-bright magnification findings but were not strongly consistent with white light magnification-based diagnoses. These results are shown in Table 2 . Table 3 . It is evident that compared with white light magnification alone, BLI combined with magnifying endoscopy may significantly improve the consensus between microscopic and pathological diagnoses for early gastric cancer and precancerous lesions.
DISCUSSION
Clinically, the early onset of gastric cancer is insidious and is not accompanied by obvious symptoms. It is easy to misdiagnose tiny, depressed, or flat raised lesions. Most gastric cancer lesions are already at an advanced stage at diagnosis, and the five-year survival rate for advanced gastric cancer is less than 30% (3). Therefore, in the face of high mortality from gastric cancer, our endoscopists are focused on not only secondary prevention of this disease but also the key aspects of improving survival and reducing mortality for patients who undergo gastric cancer surgery. However, at present, the detection rate for early gastric cancer in our country is only 5%-10%, and diagnosis of early gastric cancer primarily depends on biopsies obtained during endoscopy. However, endoscopy using a common gastroscope produces a low positive rate because of this instrument's inadequate capabilities. Certain studies (4) have indicated that during the process of malignant transformation of the gastric mucosa, microglial and microvascular morphology will change; therefore, in the assessment of early gastric cancer, observation of microvascular and microglial morphology is extremely important. BLI endoscopy is a new endoscopic technique that has been used in recent years. When used in combination with magnifying endoscopy, BLI can allow for improved observations of fine mucosal surface images. In this context, accurately assessing lesion morphology and structure (5-11) and correctly diagnosing early gastric cancer are of great significance.
In BLI endoscopy, two different types of lasers are used as light sources. A short-wavelength narrow-band laser (410±10 nm) can be used to obtain information about deep mucosal microvessels and superficial microtubules and observe narrow-band light. A long-wavelength laser (450±10 nm) can produce white light via fluorescence stimulation, allowing for white light observation. BLI has two observation modes: the BLI-contrast and BLI-bright modes. Both modes can be used to observe a lesion's microvascular and microtubule structures; however, the BLI-contrast mode is mainly used to observe detailed features of the lesion's microvessels and microtubules in near-field and magnified fields of view, whereas the BLIbright mode has slightly increased white light composition and is thus used primarily for long-range observation of contrast enhancement. Research (7) has shown that the average observation distances for the BLI-contrast and BLI-bright modes were 31.3 mm and 24.7 mm, respectively (P<0.01), indicating that the BLI-bright approach can be used to obtain high-resolution contrast images from a long-distance perspective. Thus, this mode can be used for the long-distance observation of a lesion and to help find lesions during screening endoscopy (7). Moreover, BLI endoscopy can clearly show the boundaries of early gastric cancer. In BLI, there is a high degree of color contrast between malignant brown lesions and the surrounding mucosa without enlargement (11) , and the magnification provided by the endoscope clearly reveals microvascular and microtubule structures on the lesion surface, which contributes to determining the boundaries of malignant lesions and performing endoscopic radical resection of early gastric cancer. And many researches confirmed that the diagnostic effectiveness of early gastric cancer in magnifying BLI(M-BLI) is similar to that of magnifying endoscopy with narrow-band imaging (M-NBI), and it also solves the shortcomings of NBI of light dark in observing whole gastric mucosa and poor at visualizing mucosal microstructure (12) (13) (14) (15) .
Using the VS diagnostic criteria, we compared abnormal microstructures of gastric mucosa (i.e., microvascular abnormalities, microtubule abnormalities, and microvessel density) observed via BLI-bright magnification and BLI-contrast magnification. We found that BLI-contrast magnification and BLI-bright magnification had significantly better diagnostic accuracy than white light magnification alone with respect to a cancerous lesion's microvascular and microtubule abnormalities and the existence of a line of demarcation. Diagnoses determined using BLI-contrast magnification and BLI-bright magnification also exhibited better concordance with pathological diagnoses (Kappa>0.7, p<0.001) than diagnoses determined using white light magnification. The improvements in accuracy of microscopic diagnosis achieved using BLI-contrast magnification and BLI-bright magnification compared with the accuracy of white light magnification alone were significant (p<0.05). In particular, for early gastric cancer (or high-grade intraepithelial neoplasia), the sensitivities of microscopic diagnoses determined using the BLI approaches were over 90%, and the consistency between microscopic and pathological diagnoses was significantly superior for these approaches than for white light alone (p<0.05). In addition, no significant difference between the accuracies of BLI-contrast magnification and BLI-bright magnification for diagnosing early gastric cancer was detected (p>0.05); however, both of these approaches are included in the observation modes of BLI endoscopy, and the combination of the two techniques will help to improve the diagnosis of early gastric cancer and precancerous lesions.
The data used for this study are from a single center, and the study involved a relatively small sample and lacked follow-up observations. Therefore, additional large multicenter investigations are needed to confirm the study's results.
